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APPARATUS AND METHOD FOR CONTROLLING IGNITION TIMING 
DURING SHIFT IN VEHICULAR AUTOMATIC TRANSMISSION 

INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2002-284260 
filed on September 27, 2002, including the specification, drawings and abstract is 
incorporated herein by reference in its entirety. 

BA CKGROUND OF THE TNVRNTTON 

1 . Field of the Invention 

[0002] The invention relates to an apparatus and method for controlling 
ignition timing during a shift in a vehicular automatic transmission, which temporarily 
reduces an input torque to the automatic transmission according to a required retard 
amount during a shift of the automatic transmission. 

2, Description of the Related Art 

[0003] Art relating to an apparatus for controlling the ignition timing 
during a shift in a vehicular automatic transmission is known which is provided with a 
torque-down controller, which i) determines a retard amount required to temporarily 
reduce a torque input from an engine provided with an ignition timing retard 
controller to an automatic transmission (hereinafter, referred to as "input torque") 
based on an estimated input torque of the automatic transmission and a vehicle speed, 
and ii) temporarily reduces the input torque based on that determined retard amount 
during shifting of the automatic transmission. Because this type of control apparatus 
temporarily reduces the input torque to the automatic transmission during the shift 
period, shift shock is able to be preferably suppressed. 

[0004] With this type of control apparatus, a preset relationship of the 
required retard amount with the estimated input torque of the automatic transmission 
and the vehicle speed is stored, and the retard amount corresponding with the actual 
estimated input torque and vehicle speed is determined in the same way. Therefore, if 
the output state of the engine changes due to a parameter other than the engine speed 
and a required load value used for calculating the estimated input torque, such as a 
throttle opening amount, an accelerator pedal operation amount, or an intake air 
quantity, shift shock is not able to be sufficiently reduced. 

[0005] With respect to this, the following related art exists. This related 
art relates to a shift shock reducing apparatus for an automatic transmission, which is 



characterised in that it i) first calculates a difference between a shift time target value 
and an actual shift time, ii) determines a torque-down correction amount so as to 
eliminate that difference, and iii) sends a command to the engine to use the last 
torque-down amount corrected by the determined correction amount as the new 
torque down amount for the next shift. Because this shift shock reducing apparatus 
corrects the torque-down amount such that the actual shift time matches the shift time 
target value, shift shock is able to be preferably suppressed even if the input torque to 
the automatic transmission is affected by a change over time in the engine output 
characteristics or an external change such as a change in the fuel or air pressure or the 
like. 

[0006] According to this shift shock reducing apparatus, however, because 
the torque-down correction amount is reflected in the next shift, it does not enable 
shift shock to be avoided during the first shift after the engine output characteristics 
change. Further, if the change in the engine output characteristics is large, shift shock 
will occur even if the torque-down correction amount is reflected in the next shift. 

SUMMARY OF THE INVENTION 
[0007] A first aspect of this invention relates to an apparatus for 
controlling ignition timing during a shift in a vehicular automatic transmission. 

[0008] This control apparatus is provided with an ignition timing 
controller, a calculator, a detector, a determinator, and a corrector. The ignition 
timing controller controls an ignition timing retard amount. The calculator calculates 
a basic retard amount required to temporarily reduce an input torque to an automatic 
transmission in which the controller is provided. The detector detects an engine retard 
amount, i.e., a retard amount of an ignition timing required by the engine. The 
determinator determines a retard correction value based on a shift mode of the 
automatic transmission and an input torque related value of the automatic 
transmission. The corrector corrects the ignition timing retard amount of the 
controller based on the retard correction value determined by the determinator, the 
basic retard amount, and the engine retard amount. 

[0009] Another aspect of the invention relates to a method for controlling 
ignition timing during a shift in a vehicular automatic transmission. This control 
method includes the steps of determining a basic retard amount, determining an 
engine retard amount, determining a retard correction value, calculating an ignition 
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timing retard amount, and retarding the ignition timing in the engine. The retard 
correction value is determined based on the pre-stored relationship between the shift 
mode of the automatic transmission and the input torque related value of the 
automatic transmission. The ignition timing retard amount is calculated from the 
5 basic retard amount, the engine retard amount, and the retard correction value. The 
ignition timing in the engine is retarded based on the calculated value of the ignition 
timing retard amount. 

[0010] According to the apparatus and method for controlling the ignition 
timing during a shift in a vehicular automatic transmission, the deterrriijiator 

10 determines the retard correction value based on the shift mode of the automatic 

transmission and the input torque related value of the automatic transmission. The 
corrector then corrects the ignition timing retard amount of the controller, including 
the basic retard amount and the engine retard amount, based on the determined retard 
correction value. Correcting the retard amount of the ignition timing in this way 

15 enables shift shock to be preferably suppressed. 

[0011] That is, because the engine retard amount or the ignition timing 
retard amount of the controller which includes that ignition timing retard amount is 
corrected, the ignition timing retard amount which corresponds to a change in the 
input torque to the automatic transmission is able to be corrected appropriately even if 

20 the input torque to the automatic transmission is affected by a change over time in the 
engine output characteristics or an external change such as a change in the fuel or air 
pressure or the like. 



BRIEF DESCRIPTION OF THE DRAWINGS 
25 [0012] The foregoing and further objects, features, advantages, technical 

and industrial significance of this invention will be better understood by reading the 
following detailed description of the exemplary embodiments of the invention, when 
considered in connection with the accompanying drawings, in which: 

FIG. 1 is a skeleton view illustrating the configuration of a 
30 vehicular automatic transmission to which an apparatus for controlling ignition timing 
during a shift according to one exemplary embodiment of this invention has been 
applied; 
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FIG, 2 is a clutch application chart illustrating the application and 
release of clutches and brakes for achieving predetermined gear speeds in the 
automatic transmission shown in FIG. 1; 

FIG. 3 is a block diagram illustrating a control system that controls 
5 the engine and automatic transmission and the like shown in FIG. 1; 

FIG. 4 is a view illustrating one example of a shift pattern of a shift 
lever shown in FIG. 3; 

FIG. 5 is a graph showing one example of the relationship between 
an accelerator pedal operation amount Acc and a throttle val ve opening amount 6 TH 
10 used in throttle control performed by an electronic control unit shown in FIG. 3; 

FIG. 6 is a view illustrating one example of a shift line graph (i.e., 
shift map) used in shift control of the automatic transmission performed by the 
electronic control unit shown in FIG. 3; 

FIG. 7 is a view illustrating the configuration of main portions of a 
15 hydraulic pressure control circuit shown in FIG. 3; 

FIG. 8 is a block diagram illustrating ignition timing retard control 
functions during a shift, which comprise the main portions of the control functions of 
the electronic control unit shown in FIG. 3; 

FIG. 9 is a chart showing the pre-stored relationship between a 
20 basic retard amount, a vehicle speed, and an input torque used by a calculator shown 
in FIG. 8 for calculating the basic retard amount; 

FIG. 10 is a graph showing the pre-stored relationship between an 
engine speed, an engine output torque (i.e., input torque), and a throttle opening 
amount used by the calculator shown in FIG. 8 for estimating an input torque. 
25 FIG. 1 1 is a chart showing the pre-stored relationship between 

retard correction value, vehicle speed, and shift mode, used by a determinator shown 
in FIG. 8 for determining a retard correction value; 

FIG. 12 is a flowchart illustrating activation of operation of 
ignition timing retard control during a shift, which comprises a main portion of a 
30 control operation of the electronic control unit shown in FIG. 3; 

FIG. 13A is a time chart illustrating changes during shifting in shift 
command output, which comprises a main portion of a control operation of the 
electronic control unit shown in FIG. 3; 
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FIG. 13B is a time chart illustrating changes during shifting in 
engine speed, which comprises a main portion of a control operation of the electronic 
control unit shown in FIG. 3; 

FIG. 13C is a time chart illustrating changes during shifting in 
5 retard requirement, which comprises a main portion of a control operation of the 
electronic control unit shown in FIG. 3; 

FIG. 1 3D is a time chart illustrating changes during shifting in 
ignition timing, which comprises a main portion of a control operation of the 
electronic control unit shown in FIG. 3; 
10 FIG. 13E is a time chart illustrating changes during shifting in 

output shaft torque, which comprises a main portion of a control operation of the 
electronic control unit shown in FIG. 3; and 

FIG. 13F is a time chart illustrating changes during shifting in 
hydraulic pressure, which comprises a main portion of a control operation of the 
15 electronic control unit shown in FIG. 3. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] In the following description and the accompanying drawings, the 
present invention will be described in more detail in terms of an exemplary 
20 embodiment. 

[0014] A first exemplary embodiment will hereinafter be described. 
[0015] FIG. 1 is a skeleton view of a transverse mounted vehicular driving 
apparatus for use in a FF (front engine - front drive) vehicle or the like. With this 
driving apparatus, output from an engine 10, which is an internal combustion engine 
25 such as a gasoline engine, is transmitted to driven wheels (front wheels) via power 

transmitting devices such as a torque converter 12, an automatic transmission 14, and 
a differential gear unit 16. The torque converter 12 includes a pump impeller 20 
which is coupled to a crankshaft 18 of the engine 10, a turbine impeller 24 which is 
coupled to an input shaft 22 of the automatic transmission 14, a stator 30 which is 
30 fixed via a one-way clutch 26 to a housing 28, which is a non-rotatable member, and a 
lock-up clutch 32 which directly connects the crankshaft 1 8 to the input shaft 22 via a 
damper, not shown. To the pump impeller 20 is coupled a mechanical type oil pump 
21, such as a gear pump. This oil pump 21 is driven, together with the pump impeller 
20, by driving the engine 10 so as to generate hydraulic pressure for shifting and 
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lubrication. The engine 10 is source for driving force for driving the vehicle. The 
torque converter 12 is a fluid coupling. 

[0016] The automatic transmission 14 is mounted on the same axis as the 
input shaft 22. The automatic transmission 14 includes a first planetary gearset 40, a 
5 second planetary gearset 42, a third planetary gearset 46, and an output gear 48. The 
first planetary gearset 40 and the second planetary gearset 42 are single pinion type 
planetary gearsets with a so-called "CR-CR connection", in which the carrier and ring 
gear of one of the planetary gearsets are connected to the carrier and ring gear of the 
other planetary gearset, respectively. The third planetary gearset 46 is mounted on the 

10 same axis as a counter shaft 44, which is parallel to the input shaft 22. The output 

gear 48 is fixed to one end of the counter shaft 44 and engages with a differential gear 
unit 16. The first planetary gearset 40, second planetary gearset 42, and third 
planetary gearset 46 are each provided with a sun gear, a ring gear, and a carrier 
which rotatably supports planetary gears that are meshed with the sun gear and the 

15 ring gear. The sun gear, ring gear, and carrier are either selectively coupled together 
by four clutches CO, CI, C2, and C3, or selectively coupled to the housing 28, which 
is a non-rotatable member, by three brakes Bl, B2, and B3. Also, the sun gear, ring 
gear, and carrier are coupled together or to the housing 28 via two one-way clutches 
Fl and F2, depending on the direction of rotation. The differential gear unit 16 is 

20 actually symmetrical with respect to the axis (i.e., the axle), so the lower half of the 
differential gear unit 16 is omitted in FIG. 1. 

[0017] A primary transmitting portion MG capable of achieving five 
forward speeds and one reverse speed includes the first planetary gearset 40, the 
second planetary gearset 42, the clutches CO, CI, and C2, the brakes Bl and B2, and 

25 the one-way clutch Fl, all of which are mounted on the same axis as the input shaft 
22. An underdrive portion U/D, which is a secondary transmitting portion, includes 
the third planetary gearset 46, the clutch C3, the brake B3, and the one-way clutch F2, 
all of which are mounted on the same axis as the counter shaft 44. In the primary 
transmitting portion MG, the input shaft 22 is coupled to a carrier K2 of the second 

30 planetary gearset 42 via the clutch CO, a sun gear SI of the first planetary gearset 40 
via the clutch CI, and a sun gear S2 of the second planetary gearset 42 via the clutch 
C2. A ring gear Rl of the first planetary gearset 40 is connected to the carrier K2 of 
the second planetary gearset 42, and a ring gear R2 of the second planetary gearset 42 
is connected to a carrier Kl of the first planetary gearset 40. The sun gear S2 of the 



second planetary gearset 42 is coupled to the housing 28 via the brake BL The ring 
gear Rl of the first planetary gearset 40 is coupled to the housing 28 via the brake B2. 
The one-way clutch Fl is provided between the carrier K2 of the second planetary 
gearset 42 and the housing 28. A first counter gear Gl, which is fixed to the carrier 
5 Kl of the first planetary gearset 40, is meshed with a second counter gear G2, which 
is fixed to a ring gear R3 of the third planetary gearset 46. In the underdrive portion 
U/D, a carrier K3 and a sun gear S3 of the third planetary gearset 46 are coupled 
together via the clutch C3. Also in the underdrive portion U/D, the brake B3 and the 
one-way clutch F2 are provided in parallel between the sun gear S3 and the housing 
10 28. 

[0018] The clutches CO, CI, C2, and C3 and the brakes Bl, B2, B3 
(hereinafter simply referred to as "clutches C" and brakes B", respectively, when not 
specified further) are hydraulic pressure type friction engaging devices which are 
applied by hydraulic actuators such as multi-disc clutches or band brakes. These 

15 clutches C and brakes B are switched between an applied state and a released state, as 
shown in FIG. 2, for example, by switching solenoids SI to S4 and linear solenoids 
SL1, SL2, and SLU of a hydraulic pressure control circuit 98 between an energized 
state and a de-energized state, or by switching a hydraulic circuit using a manual 
valve, not shown. Each speed, i.e., the five forward speeds, one reverse speed, and a 

20 neutral speed, is achieved according to a position of a shift lever 72 (see FIGS. 3 and 
4). The denotations "1st" to "5th" in FIG. 2 denote the first forward speed to the fifth 
forward speed, respectively. The single circle indicates application of the clutches C 
and the brakes B. The "X" indicates release of the clutches C and the brakes B. The 
triangle indicates application of the clutches C and the brakes B only during driving. 

25 The shift lever 72 is operated in a shift pattern which includes a park position "P", a 
reverse drive position "R", a neutral position "N", and forward drive positions "D", 
"4", "3", "2", and "L'\ as shown in FIG. 4, for example. When the shift lever 72 is in 
the "P" or the "N" position, the transmission is in a neutral speed, i.e., a non-drive 
speed, in which the transmission of power is interrupted. When the shift lever 72 is in 

30 the "P" position, the driven wheels are mechanically prevented from rotating by a 
mechanical parking mechanism, not shown. Also, the five forward speeds and the 
one reverse speed achieved when the shift lever 72 is in any one of the forward drive 
positions, such as the "D" position, or the "R" position, respectively, correspond to 
driving speeds. Further, as shown in FIG. 2, a shift between second speed and third 
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speed is a clutch-to-clutch or synchronous shift, in which the clutch CO is applied at 
the same time the brake B 1 is released, or vice versa. Similarly, a shift between third 
speed and fourth speed is a clutch-to-clutch shift in which the clutch CI is applied at 
the same time the brake Bl is released, or vice versa. In the above-mentioned 
5 hydraulic pressure frictional engaging device, a line pressure regulated by a turbine 
torque T T , i.e., an input torque T IN to the automatic transmission 14 or a throttle 
opening amount 6 TH which is a value representative thereof, is used as the base 
pressure. 

[0019] FIG. 3 is a block diagram illustrating a control system provided in 

10 a vehicle for controlling the engine 10 and automatic transmission 14 and the like 
shown in FIG. 1. In this control system, the operation amount (accelerator opening 
amount) Acc of an accelerator pedal 50 is detected by an accelerator operation 
amount sensor 5 1 . This accelerator pedal 50 corresponds to an accelerator operating 
member and can be depressed to a large degree depending on the amount of output 

15 required by a driver. Further, the accelerator pedal operation amount Acc corresponds 
to the amount of required output. An electronic throttle valve 56 is provided in an 
intake pipe of the engine 10. The opening amount of this electronic throttle valve 56 
changes upon receiving a command corresponding to the accelerator pedal operation 
amount Acc from a throttle actuator 54, according to the pre-stored relationship 

20 between the accelerator pedal operation amount Acc and the throttle value opening 
6 TH (%), shown in FIG. 5. This relationship is set such that the throttle opening 
amount 6 TH increases as the accelerator pedal operation amount Acc becomes larger. 
Also, a bypass passage 52 which bypasses the electronic throttle valve 56 is provided 
to control the idle speed. In this bypass passage 52 is provided an ISC (idle speed 

25 control) valve 53 that controls the intake air quantity when the electronic throttle 

valve 56 is fully closed. This ISC valve 53 controls an idle speed NE IDL of the engine 
10. In addition, other sensors and switches are also provided, such as an engine speed 
sensor 58 for detecting an engine speed N E of the engine 10, an intake air quantity 
sensor 60 for detecting an intake air quantity Q of the engine 10, an intake air 

30 temperature sensor 62 for detecting a temperature T A of the intake air, a throttle sensor 
64 with an idle switch for detecting when the electronic throttle valve 56 is fully 
closed (i.e., when the engine 10 is in an idle state) and an opening amount 6^ of that 
electronic throttle valve 56, a vehicle speed sensor 66 for detecting a rotational speed 
N 0UT of the counter shaft 44 which corresponds to the vehicle speed V, a coolant 
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temperature sensor 68 for detecting an engine coolant temperature T w of the engine 
10, and a brake switch 70 for detecting whether a foot brake is being operated. In 
addition, other sensors and switches include a lever position sensor 74 for detecting a 
lever position (i.e., operating position) P SH of the shift lever 72, a turbine rotational 
5 speed sensor 76 for detecting a turbine rotational speed NT (= rotational speed N IN of 
the input shaft input shaft 22), an AT fluid sensor 78 for detecting an AT fluid 
temperature T OIL , which is the temperature of the hydraulic fluid within the hydraulic 
pressure control circuit 98, a counter rotational speed sensor 80 for detecting a 
rotational speed NC of the first counter gear Gl, an ignition switch 82, and a knock 

10 sensor 84. Signals from these sensors indicative of the engine speed N E , intake air 
quantity Q, intake air temperature T A , throttle valve opening amount 0^, vehicle 
speed V, engine coolant temperature T w , a brake operation, lever position P SH of the 
shift lever 72, turbine rotation speed NT, AT fluid temperature T OIL , counter rotational 
speed NC, the operational position of the ignition switch 82, and knocking of the 

15 engine 10, and the like are supplied to an electronic control unit (ECU) 90. The brake 
switch 70 is an ON-OFF switch that switches the brake ON and OFF depending on 
whether the brake pedal, which operates a main brake, is depressed or not. 

[0020] The ECU 90 includes a microcomputer that has a CPU, RAM, 
ROM, an input/output interface and the like. The CPU executes output control of the 

20 engine 10 and shift control of the automatic transmission 14 and the like by using the 
temporary storage function of the RAM and processing the signals according to a 
program stored in the ROM beforehand. If necessary, the CPU may be configured 
such that a portion thereof for engine control is separate from a portion thereof for 
shift control. Output control of the engine 10 includes controlling the opening and 

25 closing of the electronic throttle valve 56 using the throttle actuator 54, controlling a 
fuel injection valve 92 for fuel injection quantity control, controlling an ignition 
device 94, such as an igniter, for ignition timing control, and controlling the ISC valve 
53 for idle speed control. The electronic throttle valve 56 is controlled by, for 
example, driving the throttle actuator 54 based on the actual accelerator pedal 

30 operation amount Acc according to the relationship between the accelerator pedal 

operation amount Acc and the throttle valve opening amount 6 TH , shown in FIG. 5 for 
example, and increasing the throttle valve opening amount 0^ as the accelerator pedal 
operation amount Acc increases. When the engine 10 is started, the crankshaft 18 is 
cranked by a starter (electric motor) 96. 
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[0021] FIG. 7 is a view showing the portions related to a 4 — > 3 downshift, 
which make up the main portions of the hydraulic pressure control circuit 98. The 
hydraulic fluid fed under pressure from an oil pump 88 is adjusted to a first line 
hydraulic pressure P L1 by a relief type first regulator valve 100. The hydraulic 
5 pressure flowing out from the first regulator valve 100 is then further adjusted to a 
second line hydraulic pressure P L2 by a relief type second regulator valve 102. The 
first line hydraulic pressure P u is supplied via a line LI to a manual valve 104 which 
is interlocked with the shift lever 72. When the shift lever 72 is in the "D" position 
(range), the first line hydraulic pressure F u and a forward drive position hydraulic 

10 pressure P D , which is the same pressure as the first line hydraulic pressure P L1 , is 

supplied from the manual valve 104 to each of the solenoid valves SL1, SL2, SL3 and 
the like, and a shift valve, not shown. FIG. 7 shows the brake Bl, which is released, 
and the clutch CI, which is applied, in order to achieve a 4 — > 3 downshift, the 
solenoid valve SL3 which directly controls an engagement pressure P B1 of the brake 

15 Bl, the solenoid valve SL2 which directly controls an engagement pressure P C1 of the 
clutch CI, a hydraulic pressure sensor 106 which is connected to the brake Bl for 
detecting the engagement pressure P B1 , and a hydraulic pressure sensor 108 which is 
connected to the clutch CI for detecting the engagement pressure P C1 . 

[0022] FIG. 8 is a functional block diagram illustrating the ignition timing 

20 control during a shift function, which constitutes the main portion of the control 

function of the ECU 90. A shift controller 1 10 shown in the drawing is operated as 
follows. First, for example, the shift controller 110 determines the speed into which 
the automatic transmission 14 should be shifted, i.e., executes a determination to shift 
from the current speed to the next speed, based on the actual throttle valve opening 

25 amount 0 ra and the vehicle speed V according to a shift line graph (i.e., shift map) 

shown in FIG. 6, which is stored in advance. Next, the shift controller 110 outputs a 
shift command which starts a shift operation to shift the automatic transmission 14 
from the current speed to the determined speed. In addition, the shift controller 110 
switches solenoids S4 and SR of the hydraulic pressure control circuit 98 ON 

30 (energized) and OFF (de-energized) and continually changes the energized state of the 
linear solenoids SL1, SL2, and SL3 and the like of the hydraulic pressure control 
circuit 98 by duty control or the like, so that shift shock due to a change in driving 
force does not occur and the durability of the friction members does not decrease. In 
FIG. 6, the solid lines are upshift lines and the broken lines are downshift lines. The 
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automatic transmission 14 shifts to a speed on the low speed side having a large gear 
ratio (= input rotational speed N IN / output rotational speed N OUT ) as the vehicle speed 
V decreases or the throttle valve opening amount 0^ increases. The denotations "1" 
through "5" in the drawing refer to a first speed "1st" through a fifth speed "5th". 
5 Also, when a clutch-to-clutch shift, e.g., 4 — > 3 downshift, is performed, the 

engagement pressure P B1 of the brake Bl, which is a hydraulic frictional engagement 
device to be released, decreases while the engagement pressure P C1 of the clutch CI, 
which is a hydraulic frictional engagement device to be applied, increases. At this 
time, if the clutch CI or the brake Bl is released before the other is applied, racing 

10 occurs in which the engine speed N E abruptly increases temporarily. On the other 
hand, if the clutch CI or the brake Bl is applied before the other is released, tie-up 
occurs in which the engine speed N E abruptly decreases temporarily. Therefore, the 
engagement hydraulic pressure P c , and/or P BI is set according to the input torque T IN 
to the automatic transmission 14 so that the temporary abrupt increase in the engine 

15 speed N E and the temporary abrupt decrease in the output shaft torque T OUT is reduced 
irrespective of the input torque. Further, the engagement hydraulic pressure P C1 
and/or P B1 is corrected by feedback control or learning control such that racing or tie- 
up is equal to, or less than, a predetermined value. 

[0023] An engine retard amount calculator 112 successively calculates a 

20 retard amount required by conditions of the engine 10 , for example, retard learning 
value A necessary for suppressing knocking of the engine 10, based on a knocking 
signal from a formula set beforehand, and stores it corresponding to the engine speed 
N E at that time. This retard learning value A is conventionally used in a knocking 
suppression control device for retarding the ignition timing of the engine 10 from a 

25 basic ignition timing in order to prevent knocking. A retard timing determinator 113 
determines a change start timing of the output shaft torque T OUT in the shift period, 
e.g., an engaging shock start timing of the clutch CI which is a hydraulic frictional 
engaging device to be engaged in a 4 — > 3 downshift. This determination is made 
based, for example, on whether the engine speed N E has reached a previously set 

30 determination value which is less, by a predetermined value of approximately several 
hundred rpm, for example, than the engine speed after the shift, or whether the time 
passed after the shift command has been output has exceeded a previously set 
determination time. 
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[0024] An in-shift retard amount detector 114 operates as follows. First, 
the detector 1 14 detects the retard correction value, e.g., the correction coefficient K, 
based on the input torque related value, e.g., the vehicle speed V, which reflects the 
input torque T lN to the automatic transmission 14, and the shift mode of the automatic 
5 transmission 14, e.g., a shifting speed which is a speed into which the automatic 
transmission 14 will be shifted or the type of shift which indicates the speed into 
which the automatic transmission 14 will be shifted. Next, the in-shift retard amount 
detector 1 14 determines the ignition timing retard amount D based on the correction 
coefficient K, the retard learning value A, and a basic retard amount B on the shift 

10 side for suppressing shift shock during a shift, such as a 4 — > 3 downshift. Then the 
in-shift retard amount detector 114 outputs the ignition timing retard amount D to the 
ignition timing controller 1 16 at the point when the output shaft torque T OUT will 
change as determined by the retard timing determinator 113. The ignition timing 
controller 116 then issues a command to retard the ignition timing of the engine 10 

15 from the basic ignition timing by the ignition timing retard amount D to temporarily 
reduce the input torque T IN . The ignition device 94 and the ignition timing controller 
116 both serve as ignition timing controllers for controlling the ignition timing of the 
engine 10. 

[0025] The in-shift retard amount detector 1 14 is provided with a basic 
20 retard amount calculator (hereinafter referred to as "calculator") 120, a correction 
value determinator 122, an engine retard amount detector 124, and a retard amount 
corrector (hereinafter referred to as "corrector") 126. The calculator 120 calculates 
the basic retard amount B similarly to the determination of the required retard amount 
during shifting in conventional retard control, e.g., based on the actual vehicle speed 
25 V and the input torque T IN to the automatic transmission 14 from the pre-stored 

relationship (map) between the basic retard amount, vehicle speed, and input torque 
T IN shown in FIG. 9. This relationship is obtained experimentally beforehand in order 
to suppress shift shock. Because the input torque T w is calculated based on required 
load values, such as the throttle opening amount, the accelerator pedal operation 
30 amount, and the intake air quantity, and the engine speed N E from a pre-stored torque 
calculation map shown in FIG. 10, effects from changes over time in the output 
characteristics of the engine 10 and external changes, such as changes in fuel and air 
pressure and the like, are not included. 
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[0026] The correction value deterrninator 122 determines the correction 
value, i.e., the correction coefficient K, based on the actual shift speed and the vehicle 
speed V (input torque related value) from the pre-stored relationship (map) between 
the retard correction value, the vehicle speed, and the shift mode, shown in FIG. 1 1, 
5 for example. This relationship is obtained experimentally beforehand in order to 

retard the ignition timing of the engine 10 by a retard amount that takes into account 
effects from changes over time in the output characteristics of the engine 10 with 
respect to the input torque T 1N and external changes, such as changes in fuel and air 
pressure and the like, during shifting. 

10 [0027] The engine retard amount detector 124 detects the retard learning 

value A that was successively calculated by the engine retard amount calculator 112 
in order to suppress knocking of the engine 10. The corrector 126 calculates the 
ignition timing retard amount D based on the actual correction coefficient K, the 
retard learning value A, and the basic retard amount B on the shift side for 

15 suppressing shift shock during shifting from Expression (1), which has been pre- 
stored. 

[0028] 

D = K * A + B ... (1) 
[0029] FIG. 12 is a flowchart illustrating activation of ignition timing 

20 retard control operation during a clutch-to-clutch downshift, which comprises the 
main portion of the control operation of the ECU 90. In step SI in FIG. 12, it is 
determined whether a shift command has been output, e.g., a 4 — > 3 downshift 
command has been output, based on a signal sent from the shift controller 110. When 
the determination in step SI is NO, the routine ends. When the determination is YES, 

25 it is determined in step S2 whether preconditions for retard control have been 

fulfilled, e.g., whether the engine 10 is warmed up to the point where the coolant 
temperature is equal to, or greater than, a predetermined value, whether the automatic 
transmission 14 is warmed up to the point where the hydraulic fluid temperature is 
equal to, or greater than, a predetermined temperature, and whether all of the sensors 

30 are operating normally. If the determination in step S2 is NO, the routine ends. If the 
determination is YES, however, the timing at which the output shaft torque T 0UT starts 
to change due to application of the clutch CI in a 4 — > 3 downshift, for example, i.e., 
the timing at which shock from application of the clutch CI which is a hydraulic 
fractional engaging device to be applied starts, is determined in step S3, which 
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corresponds to the determinator 113. This determination is made based on whether 
engine speed N E has reached a previously set determination value which is less, by a 
predetermined value of approximately several hundred rpm, for example, than the 
engine speed N E after the shift, or whether the time passed after the shift command 
5 has been output has exceeded a previously set determination time. 

[0030] If the determination in step S3 is NO, the routine ends. If that 
determination is YES, however, the basic retard amount B is calculated in step S4, 
which corresponds to the calculator 120, based on the actual vehicle speed V and the 
input torque T IN to the automatic transmission 14 according to the pre-stored 

10 relationship (map) between the basic retard amount, the vehicle speed, and the input 
torque, shown in FIG 9, for example. This input torque T IN is calculated based on, for 
example, the actual engine speed N E and the throttle valve opening amount 0 
according to the relationship between the engine speed N E , the engine output torque 
T E (input torque T IN ), and the throttle opening amount 0, shown in FIG. 10. Next in 

15 step S5, which corresponds to the engine retard amount detector 124, the engine 
retard learning value A, which was successively calculated by the engine retard 
amount calculator 1 12 in order to suppress knocking of the engine 10, is read. Then 
in step S6, which corresponds to the correction value determinator 122, the correction 
value, i.e., the correction coefficient K, is determined based on the actual shift speed 

20 and the vehicle speed V (input torque related value) according to, for example, the 
pre-stored relationship (map) between the retard correction value, the vehicle speed, 
and the shift mode, shown in FIG. 11. Next in step S7, which corresponds to the 
corrector 126, the ignition timing retard amount D is calculated based on the actual 
correction coefficient K, the retard learning value A, and the basic retard amount B on 

25 the shift side for suppressing shift shock during shifting according to Expression (1) 
that was stored beforehand. Then in step S8, the ignition timing retard amount D 
calculated in step S7 is output to the ignition timing controller 116 and the engine 10 
is operated with the ignition timing being retarded from the basic ignition timing by 
the ignition timing retard amount D. 

30 [0031] FIG. 13 is a time chart illustrating operation of the ECU 90. The 

broken lines in FIGS. 13B, D, and E indicate a case in which no retard learning value 
A for knocking suppression is generated. Accordingly, the position of the broken line 
in the ignition timing in FIG. 13D indicates the basic ignition timing of the engine 10. 
Also, in FIGS. 13B, D, and E, the single dashed line shows the exemplary 
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embodiment when the retard learning value A is generated, and the solid line shows a 
conventional example when the retard learning value A is generated. With respect to 
the solid line, a change HI that occurs in the interval between time t 2 and time t 3 , from 
among the changes in the output shaft torque T 0UT shown in FIG. 13E, indicates tie-up 
5 shock, in which the clutch CI is applied early due to a lack of input torque T IN 

resulting from a change over time in the output characteristics of the engine 10 or 
external changes, such as changes in the fuel or air pressure. The change H2, which 
occurs after time t 4 , indicates shock due to temporary racing of the engine 10. 

[0032] As shown in FIGS. 13B and F 5 for example, when a command is 

10 output for a 4 -> 3 shift (time t,) according to a predetermined amount of depression 
of the accelerator pedal 50 while running, the brake Bl starts to be released as the 
engagement hydraulic pressure P B1 of that brake Bl decreases. Almost 
simultaneously, the engagement hydraulic pressure P C1 of the clutch CI starts to 
increase so that the engine speed N E constantly increases. Next, when the timing at 

15 which the output shaft torque T OUT starts to change due to application of the clutch CI 
is determined based on the engine speed N E (time t 2 ), the ignition timing retard 
amount D calculated by the in-shift retard amount detector 1 14 is output to the 
ignition timing controller 116 during the interval from time t, to time t 3 . Based on this 
output value, the engine 10 is then operated with the ignition timing being retarded 

20 from the basic ignition timing by the ignition timing retard amount D. Accordingly, a 
change in the output torque T OUT is able to be preferably suppressed as shown by the 
single dashed line. 

[0033] As described above, according to this exemplary embodiment, the 
correction value determinator 122 (step S6) determines the retard correction value K 

25 based, for example, on the shift mode of the automatic transmission 14 and the input 
torque related value (vehicle speed V) relating to the input torque to the automatic 
transmission 14 according to the pre-stored relationship between the retard correction 
value, the vehicle speed, and the shift mode shown in FIG. 11. Then the corrector 126 
(step S7) corrects the ignition timing retard amount D of the ignition timing controller 

30 116 based on the retard correction value K determined by the correction value 

determinator 122, the base require retard amount B, and the engine retard amount A. 
Accordingly, it is possible to preferably suppress the occurrence of shift shock. That 
is, because the engine retard amount A or the ignition timing retard amount D of the 
controller which includes that engine retard amount A is corrected, the ignition timing 
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retard amount corresponding to a change in the input torque of the automatic 
transmission, should a change occur, is able to be corrected appropriately even if the 
input torque of the automatic transmission is affected by a change, over time, in the 
engine output characteristics or an external change such as a change in the fuel or air 
5 pressure or the like. 

[0034] Also according to this exemplary embodiment, because the basic 
retard amount B is a value that is determined based, for example, on the input torque 
T 1N or a parameter relating thereto, and the vehicle speed according to the pre-stored 
relationship between the basic retard amount, the vehicle speed, and the input torque 

10 shown in FIG. 9, an appropriate basic retard amount B required to suppress shift 
shock can be obtained in accordance with the change in the input torque T IN to the 
automatic transmission 14 and the vehicle speed V. 

[0035] Also according to the exemplary embodiment, because the engine 
retard amount A is a value that is determined by learning for each engine speed in 

15 order to suppress knocking in the engine 10, an appropriate engine retard amount A 
required to suppress knocking in the engine 10 with high precision can be obtained. 

[0036] Further, according to the exemplary embodiment, because the input 
torque related value is the vehicle speed V and the correction value determinator 122 
(step S6) determines the retard correction value K based on, for example, the actual 

20 shift mode of the automatic transmission 14 and the vehicle speed V according to the 
relationship between the pre-set retard correction value K, the vehicle speed, and the 
shift mode shown in FIG. 1 1, an appropriate retard correction value K required to 
suppress shift shock can be obtained in accordance with the change in the shift mode 
of the automatic transmission 14 and the vehicle speed relating to the input torque. 

25 [0037] Also according to the exemplary embodiment, because the retard 

correction value K is a correction coefficient smaller than 1 and the corrector 126 
(step S7) corrects the ignition timing retard amount D by multiplying the retard 
correction value K by the engine retard amount A, shift shock is able to be preferably 
suppressed even if the input torque T 1N to the automatic transmission 14 is affected by 

30 a change, over time, in the engine output characteristics or an external change such as 
a change in the fuel or air pressure or the like. 

[0038] Although the invention has been described herein with reference to 
specific embodiments, many modifications and variations therein will readily occur to 
those skilled in the art. 
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[0039] For example, in the foregoing exemplary embodiment, a 4 — > 3 
downshift is described as the shift mode, wherein the basic retard amount B is added 
to the product of the retard correction value K and the engine retard amount A, and 
the engine 10 is controlled such that the basic ignition timing is retarded using the 
5 obtained ignition timing retard amount D. Alternatively, however, the invention may 
also be applied to another shift mode, such as a 3 — > 2 downshift, a 2 — > 3 upshift, or a 
3 — > 4 upshift. 

[0040] Further, in the foregoing exemplary embodiment, the vehicle speed 
V is used as the input torque related value. Alternatively, however, the throttle 

10 opening amount 0, the intake air quantity of the engine 10, the fuel injection quantity 
of the engine 10, the accelerator pedal operation amount, or the like may also be used. 

[0041] Also in the foregoing exemplary embodiment, the ignition timing 
retard amount D is corrected by multiplying the correction coefficient K, which is the 
retard correction value, by the engine retard amount A. Alternatively, however, the 

15 correction coefficient K may also be multiplied by the ignition timing retard amount 
D by changing the condition of setting the relationship between the retard correction 
value, the vehicle speed, and the shift mode in FIG. 11. Also, the correction 
coefficient K used as the retard correction value is less than 1 in the foregoing 
exemplary embodiment. Alternatively, however, a correction amount obtained by 

20 adding or subtracting the engine retard amount A or the ignition timing retard amount 
D which includes that engine retard amount A may also be used as the retard 
correction value. 

[0042] Further, in the foregoing exemplary embodiment, the correction 
coefficient K, which is the retard correction coefficient, is determined based on the 
25 vehicle speed V and the shift mode according to the retard correction value, the 
vehicle speed, and the shift mode shown in FIG. 11. Alternatively, however, the 
invention is also effective when the correction coefficient K is determined based on 
only one of the vehicle speed V and the shift mode. 

[0043] Further, the flowchart in FIG. 12 can be modified in various ways. 
30 For example, because step S3 is a condition for executing step S8, it may be placed 
anywhere within the flowchart as long as it is before step S8. 

[0044] Also in the foregoing exemplary embodiment, the automatic 
transmission 14 is a transmission with five forward speeds which is transverse 
mounted in an FF vehicle and which is made up of a combination of three planetary 
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gearsets 40, 42, and 46. Alternatively, however, the number of planetary gearsets 
which combine to make up the automatic transmission 14 may be a number other than 
three. Also, the automatic transmission 14 may also be a longitudinal mounted type 
for a FR (front engine - rear drive) vehicle. 

[0045] Further, according to the foregoing exemplary embodiment, the 
ECU 90 may comprise a plurality of computers such as an engine electronic control 
unit and a shift electronic control unit, or may be a portion of a host computer. 

[0046] While the invention has been described with reference to 
exemplary embodiments thereof, it is to be understood that the invention is not limited 
to the exemplary embodiments or constructions. To the contrary, the invention is 
intended to cover various modifications and equivalent arrangements. In addition, 
while the various elements of the exemplary embodiments are shown in various 
combinations and configurations, which are exemplary, other combinations and 
configurations, including more, less or only a single element, are also within the spirit 
and scope of the invention. 



